The thoughts and feelings people have about pain (referred to as 'pain expectations') are known to alter the perception of pain. However little is known about the cognitive processes that underpin pain expectations, or what drives the differing effect that pain expectations have between individuals. This paper details the testing of a model of pain perception which formalises the response to pain in terms of a Bayesian prior-to-posterior updating process. Using data acquired from a short and deception-free predictive cue task, it was found that this Bayesian model predicted ratings of pain better than other, simpler models. At the group level, the results confirmed two core predictions of predictive coding; that expectation alters perception, and that increased uncertainty in the expectation reduces its impact on perception. The addition of parameters relating to trait differences in pain expectation improved the fit of the model, suggesting that such traits play a significant role in perception above and beyond the influence of expectations triggered by predictive cues. When the model parameters were allowed to vary by participant, the model's fit improved further. This final model produced a characterisation of each individual's sensitivity to pain expectations. This model is relevant for the understanding of the cognitive basis of pain expectations and could potentially act as a useful tool for guiding patient stratification and clinical experimentation.
Introduction
The experience of pain, like all other sensory experiences, is a result not only of the objective reality, such as the degree of tissue damage, but also of the sufferer's beliefs about pain. Conscious and unconscious thoughts and beliefs that people have about imminent pain are referred to as 'pain expectations' (Schrooten, Vlaeyen, & Morley, 2012) . The effect of pain expectations on pain experience is evident in both laboratory and clinical experiments (e.g. Atlas & Wager, 2012; Bingel et al., 2011; Colloca, & Benedetti, 2006; Peerdeman et al., 2016; Tracey, 2010) . In addition, neural correlates of the effect of expectation on pain perception have been established (Brown, Seymour, El-Deredy, & Jones, 2008; Ploghaus et al., 1999; Seymour et al., 2004; Tracey, 2010; Wager et al., 2004; Watson et al., 2009 ). Despite these advances there remains a significant gap in our knowledge regarding the specific cognitive processes that underpin pain expectations.
Predictive coding provides the dominant theoretical framework for understanding the effects of expectation on perception (Clark, 2013; Friston, 2003) , including pain perception (Buchel, Geuter, Sprenger, & Eippert, 2014; Tabor, Thacker, Moseley, & Körding, 2017; Van den Bergh, Witthöft, Petersen, & Brown, 2017) . Predictive coding stipulates that perception is biased towards the expected level of pain, and that this bias will be stronger when the expectation is more certain, since expectation uncertainty causes the suppression of top-down, priordriven signals, leading to greater importance being placed on the bottom-up sensory input. A number of studies confirm that the specific predictions of predictive coding apply to pain perception, beyond the established biasing effect that pain expectations exert on pain experience. For example the effect of pain expectations is enhanced when expectations are more precise (Brown, Seymour, Boyle, El-Deredy, & Jones, 2008; Colloca, Petrovic, Wager, Ingvar, & Benedetti, 2010) . Likewise formal Bayesian models provide a good fit to pain reports in placebo analgesia studies (Anchisi and Zanon, 2015; Jung, Lee, Wallraven, & Chae, 2017) and to neural data from the anterior insula (Geuter, Boll, Eippert, & Büchel, 2017 
